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includes forming a charge tunneling layer composed of a 
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layer. A charge blocking layer composed of a hafnium oxide 
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NON-VOLATILE MEMORY DEVICE AND 
METHOD FOR FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority to Korean patent 
application number 10-2007-0037030, filed on Apr. 16, 2007, 
which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a non-volatile memory 
device and a method for fabricating the same. 

Non-volatile memory devices for performing memory 
operations in the absence of an electric power have attracted 
much attention as next-generation semiconductor memory 
devices. In particular, flash memory devices employing a 
floating gate are widely utilized in a variety of applications. In 
addition, metal oxide nitride oxide semiconductor (MONOS) 
and silicon oxide nitride oxide semiconductor (SONOS) 
memory devices are being developed. 

Floating gate memory devices perform memory operations 
via potential wells. Flash electrically erasable read only 
memory (EEPROM), e.g., EPROM tunnel oxide (ET), is 
commonly used as a floating gate memory device. Metal 
insulator semiconductors (MISs), such as SONOS memories, 
utilize a gate dielectric film having a double- or triple-layered 
structure to realize a charge trapping structure. The charge 
trapping structure includes a triple-layered Stack consisting of 
a charge tunneling layer, a charge trapping layer and a charge 
blocking layer. MIS-type memory devices perform memory 
operations utilizing charge traps present on a dielectric film 
bulk, an interface between adjacent dielectric films, or an 
interface between a dielectric film and a semiconductor. 

Flash EEPROMs include one transistor in each memory 
cell. MONOS or SONOS devices used as full-featured 
EEPROMs may include a selective transistor in addition to 
the cell transistor in each memory cell to execute program 
ming and erasing operations in a byte-unit. The selective 
transistor selects a memory cell so that programming and 
erasing operations can be carried out in a byte-unit. For this 
reason, memory functions are substantially performed by the 
cell transistor. Accordingly, the cell transistor may have a 
SONOS structure. For example, a cell transistor includes a 
gate dielectric film having an oxide nitride oxide (ONO) 
structure in which a silicon oxide film, a silicon nitride film 
and a silicon oxide film are sequentially stacked on a silicon 
(Si) semiconductor substrate. The cell transistor may further 
include a control gate arranged on the gate dielectric film. 

In a charge trapping structure including an ONO Stack, 
charge trapping is mainly carried out by the silicon nitride 
film. The reliability of the memory device greatly depends on 
the thickness and film quality of the silicon nitride film. To 
improve the reliability of the memory device, it is preferable 
that the silicon nitride film has a large thickness. However, the 
large thickness of the film makes it difficult to adjust a thresh 
old Voltage (V) to a desired level and requires a high Voltage 
and power for programming. When deterioration of the film 
quality of the silicon nitride film occurs due to a variation 
(e.g., thinness) in the thickness thereof, charge leakage 
increases thereby decreasing charge retention time. As a 
result, the reliability of the memory device deteriorates. In an 
attempt to solve these problems, a charge trapping structure 
has been Suggested that employs a charge trapping layer 
having a multi-layered (including a double-layered) stack 
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2 
consisting of a siliconoxide film and a silicon nitride film, and 
a dielectric film having a higher dielectric constant. 
The introduction of the dielectric film having a higher 

dielectric constant into the charge trapping layer aims to 
reduce a device control voltage and improve current drivabil 
ity. In addition, the introduction of the high-dielectric film is 
advantageous in reducing Sub-threshold Swing thereby 
decreasing defect density and improving reliability of the 
device. For example, a stacked structure including alumina, 
hafnia and alumina (AlO/HfO/Al2O) in this order has 
been Suggested. 
When hafnia is deposited on alumina, sequential deposi 

tion of different kinds of oxide films involves a complicated 
fabrication process. In addition, an equipment structure to 
realize Such a process is complicated, and maintenance and 
management for mass-production become difficult. Further 
more, these attempts involve a process for depositing an oxide 
film on the Surface of a silicon Substrate, thereby causing 
undesired oxidation on the surface of the silicon substrate. An 
amorphous silicon oxide film created by the oxidization of 
silicon has a low dielectric constant, as compared to alumina 
or hafnia, thereby causing an increase in the thickness of an 
equivalent oxide film of a charge tunneling layer in a charge 
trapping structure. 

Accordingly, attempts have been made to develop non 
Volatile memory semiconductor devices capable of exhibiting 
prolonged data retention time, high processing speed and low 
driving Voltage using simple methods, as compared to ONO 
Structures. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a 
method for fabricating a non-volatile memory device 
includes forming a charge tunneling layer composed of a 
metal silicate layer on a semiconductor Substrate. A charge 
trapping layer is formed on the charge tunneling layer. A 
charge blocking layer is formed on the charge trapping layer. 
A gate layer is formed on the charge blocking layer. 
The formation of the charge tunneling layer may include 

adsorbing a silicon Source on a surface of the semiconductor 
substrate. A metal source is introduced onto the adsorbed 
silicon source to form a metal silicide layer. The metal silicide 
layer is Subject to oxidation via introduction of an oxidation 
SOUC. 

The silicon Source may include a silane or silanol gas. 
To allow the metal silicide layer to be composed of amor 

phous hafnium silicide (HfSi), the metal source may include 
a hafnium source. 

The formation of the charge tunneling layer on a semicon 
ductor Substrate may include adsorbing a silicon Source on 
the Surface of the semiconductor Substrate. A metal source is 
introduced onto the adsorbed silicon source to form a metal 
silicide layer. The metal silicide layer is subject to oxidation 
nitration via introduction of an oxidation-nitration Source 
containing oxygen and nitrogen to form a nitrogen-contain 
ing metal silicate layer. 
The charge trapping layer may be composed of a hafnium 

oxide nitride (H?O.N.) layer or a hafnium silicate layer (Hf 
SiO.), each having a dielectric constant higher than that of 
the metal silicate layer. 
The charge blocking layer may be composed of hafnium 

oxide. 

The charge blocking layer may be composed of Zirconium 
oxide (ZrO2), titanium oxide (TiO), tantalum oxide (Ta-Os), 



US 7,851,285 B2 
3 

aluminum oxide (Al2O), cesium oxide (CeO), lanthanum 
oxide (LaO), tungsten oxide (WO) or yttrium oxide 
(YO). 
The hafnium silicate layer may have a thickness of 5 nm or 

less. 
The oxidation source may include an oxygen-containing 

gas including oxygen (O) or water (HO), and the oxygen 
containing gas may be introduced onto the metal silicide layer 
in a plasma-excited State. 
The formation of the hafnium silicate layer on a semicon 

ductor Substrate may include adsorbing a silicon Source on 
the Surface of the semiconductor Substrate. A hafnium source 
is introduced onto the adsorbed silicon source to form a 
hafnium silicide (H?si) layer. The hafnium silicide layer is 
Subject to oxidation-nitration via introduction of an oxida 
tion-nitration Source in a plasma state to form a nitrogen 
containing hafnium silicate (H?SiON) layer. 
The oxidation-nitration source may include a nitric oxide 

(NO) or nitrous oxide (NO) gas. 
The hafnium oxide nitride (H?O.N.) layer may be formed 

by adsorbing a hafnium source onto the metal silicate layer, 
and Subjecting the adsorbed hafnium source to oxidation 
nitration via introduction of an oxidation-nitration Source. 

The formation of the hafnium oxide nitride (H?O.N.) layer 
may be carried out by Subjecting the metal silicate layer to a 
nitration Surface treatment via introduction of a nitration 
Source in a plasma State, prior to adsorption of the hafnium 
SOUC. 

The oxidation-nitration source may include a mixed gas of 
oxygen and nitrogen, nitrous oxide (NO), or a mixed gas of 
ammonia (NH) and nitrous oxide (NO). The oxidation 
nitration source may be introduced in a plasma-excited state. 
The adsorption of the hafnium source and the introduction 

of the oxidation-nitration source may be repeated to increase 
the thickness of the hafnium oxide nitride (H?O.N.) layer to 
a desired level. 

The hafnium oxide nitride (H?O.N.) layer may be subject 
to a Subsequent plasma treatment by introducing oxygen 
(O), OZone (O), nitrogen (N), ammonia (NH), hydrazine 
(NH) or a combination thereof, in a plasma state. 
The formation of the hafnium oxide nitride (H?O.N.) layer 

may be carried out by inducing adsorption of hafnium oxide 
nitride on the metal silicate layer via introduction of a 
hafnium source and an oxidation-nitration source. 

The formation of the charge blocking layer on the charge 
trapping layer may include adsorbing a hafnium source on the 
hafnium oxide nitride layer, and Subjecting the adsorbed 
hafnium source to oxidation via introduction of an oxidation 
Source to form a hafnium oxide layer. 
The adsorption of the hafnium source and the introduction 

of the oxidation source may be repeated. After the repetition, 
the hafnium oxide layer may be subject to oxygen plasma 
treatment to control the composition ratio of the hafnium 
oxide layer. 

In accordance with another aspect of the present invention, 
a method for fabricating a non-volatile memory device 
includes forming a charge tunneling layer composed of a 
nitrogen-containing hafnium silicate layer on a semiconduc 
tor Substrate. A charge trapping layer composed of a hafnium 
oxide nitride (H?O.N.) layer is formed on the charge tunnel 
ing layer. A charge blocking layer is formed on the charge 
trapping layer. A gate layer is formed on the charge blocking 
layer. 
The formation of the nitrogen-containing hafnium silicate 

layer may include adsorbing a silicon Source on the Surface of 
the semiconductor Substrate. A hafnium source is introduced 
onto the adsorbed silicon source to form a hafnium silicide 
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4 
(HfSi.) layer. The hafnium silicide layer is subject to oxida 
tion-nitration via introduction of an oxidation-nitration 
SOUC. 

The hafnium source may include tetrakis(diethylamino) 
hafnium (TDEAH, Hf (N(CHs))) or tetrakis (ethylm 
ethylamino) hafnium (TEMAH; Hf N(CH)CHs). 

In accordance with another aspect of the present invention, 
a method for fabricating a non-volatile memory device 
includes forming a charge tunneling layer composed of a first 
hafnium silicate (HfSix Oy) layer on the semiconductor 
Substrate. A charge trapping layer is formed on the charge 
tunneling layer Such that the charge trapping layer is com 
posed of a second hafnium silicate (HfSix-Oy) layer having 
a dielectric constant higher than that of the charge tunneling 
layer. A charge blocking layer is formed on the charge trap 
ping layer. A gate layer is formed on the charge blocking 
layer. 
The hafnium silicate layer may be formed by adsorbing a 

silicon Source, introducing a hafnium source onto the 
adsorbed silicon Source to form a hafnium silicide layer, and 
oxidizing the hafnium silicide via introduction of an oxida 
tion source in a plasma state. When the silicon and oxidation 
Sources are introduced, a chamber pressure and a plasma 
generation power may be varied such that the first hafnium 
silicate (HfSix Oy) has a composition range of X >y, and 
the second hafnium silicate (HfSix-Oy) has a composition 
range of X-sy2. 
The adsorption of the silicon source, the introduction of the 

hafnium source, and the introduction of the oxidation source 
may be repeated. 

In accordance with another aspect of the present invention, 
a non-volatile memory device includes a charge tunneling 
layer formed on a semiconductor Substrate. The charge tun 
neling layer is composed of a metal silicate layer. A charge 
trapping layer is formed on the charge tunneling layer. The 
charge trapping layer is composed of a metal oxide nitride 
layer. A charge blocking layer is formed on the charge trap 
ping layer. The charge blocking layer is composed of a metal 
oxide layer. A gate layer is formed on the charge blocking 
layer. 
The metal silicate layer may include a hafnium silicate 

(HfSiO) layer and the metal oxide nitride layer may include 
a hafnium oxide nitride (H?O.N.) layer. The metal silicate 
layer may include nitrogen-containing hafnium silicate (Hf 
SiON) in addition to hafnium silicate (H?si.O.). The metal 
silicate layer may include nitrogen-containing hafnium sili 
Cate. 

In accordance with yet another aspect of the present inven 
tion, a non-volatile memory device includes a charge tunnel 
ing layer formed on the semiconductor Substrate. The charge 
tunneling layer is composed of a first hafnium silicate 
(HfSix Oy) layer. A charge trapping layer is formed on the 
charge tunneling layer. The charge trapping layer is com 
posed of a second hafnium silicate (HfSix-Oy) layer having 
a dielectric constant higher than that of the charge tunneling 
layer. A charge blocking layer is formed on the charge trap 
ping layer. A gate layer is formed on the charge blocking 
layer. 
The first hafnium silicate (H?six Oy) layer may have a 

composition range of X >y, and the second hafnium silicate 
(HfSix-Oy) layer may have a composition range of X-sy. 
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In one aspect, the present invention is directed to a non 
Volatile memory semiconductor device capable of exhibiting 
prolonged data retention time, high processing speed and 
improved reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 12 are cross-sectional views schematically illus 
trating a non-volatile memory device and a method for fab 
ricating the device, according to one embodiment of the 
present invention; and 

FIGS. 13 to 16 are cross-sectional views schematically 
illustrating a non-volatile memory device and a method for 
fabricating the device, according to another embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

According to one embodiment of the present invention, a 
non-volatile memory device and a method for fabricating the 
device employ a charge trapping structure having a stack 
consisting of three high-dielectric layers. The charge trapping 
structure consisting of a charge tunneling layer, a charge 
trapping layer and a blocking layer prevents formation of a 
silicon oxidation layer on a Surface of a silicon Substrate. 
The composition of the three layers may be changed 

depending on a variation in deposition temperature and com 
position ratio to provide the constituent layers with different 
dielectric constants. Thus, a difference in energy band gap 
between the layers occurs. Accordingly, a charge trap is cre 
ated via an energy well structure. 
As a result, an undesired increase can be prevented in the 

thickness of an equivalent oxide film, which is caused by 
formation of a silicon oxide film on an interface between a 
silicon semiconductor Substrate and a charge tunneling layer. 
By varying the composition and deposition temperature of 
dielectric films, electrical properties of different devices can 
be optimized. 

FIGS. 1 to 12 are cross-sectional views illustrating a non 
volatile memory device and a method for fabricating the 
device according to one embodiment of the present invention. 

Referring to FIG. 1, a semiconductor substrate 110 is sub 
ject to Surface-cleaning and drying. For example, the Surface 
of a silicon semiconductor Substrate is cleaned using an RCA 
wet cleaning method. The RCA wet cleaning is carried out 
using a cleaning solution consisting of pure water (H2O), a 
29% ammonium hydroxide (NH-OH) aqueous solution and a 
30% hydrogen peroxide (H2O) aqueous solution in a ratio of 
about 5:1:1 at approximately 70° C. to 80° C. for about 5 
minutes. The resulting semiconductor substrate 110 is rinsed 
using deionized water and dried with a nitrogen (N) gas. 
Prior to the Surface-cleaning and drying, a process for form 
ing a device isolation structure on the semiconductor Sub 
strate 110 (e.g., shallow trench isolation; STI) may be carried 
Out. 

Referring to FIG.2, a silicon source adsorption layer 121 is 
formed on the semiconductor substrate 110. The silicon 
Source adsorption layer 121 functions as a source layer for 
Supplying silicon (Si) atoms to a tunneling layer and an oxi 
dation blocking layer for preventing oxidation of silicon 
present on the Surface of the underlying semiconductor Sub 
strate 110. The silicon source adsorption layer 121 blocks 
undesired oxidation of the Surface of the underlying semicon 
ductor substrate 110 by inhibiting or preventing oxidation 
gas, which is derived from oxidation involved in the forma 
tion of the tunneling layer, from permeating onto the Surface 
of the semiconductor substrate 110. 
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6 
The formation of the silicon source adsorption layer 121 is 

carried out by introducing a silicon Source onto the Surface of 
the semiconductor Substrate 110 and inducing adsorption of 
the silicon Source thereon. For example, a silicon-containing 
gas Such as a silane gas (e.g. SiH4 or SiH) is introduced onto 
the surface of the semiconductor substrate 110 to render the 
silane gas to be chemically adsorbed thereon. 

Since an efficient adsorption amount of the silane gas Var 
ies depending upon the exposure time of the semiconductor 
substrate 110 to the silicon source and the pressure of a 
processing chamber equipped with the semiconductor Sub 
strate 110, the thickness of an oxidation blocking layer 
including the silicon source adsorption layer 121 can be con 
trolled. A formation process of the silicon source adsorption 
layer 121 is controlled while taking into consideration the 
permeation depth of the oxidation gas upon forming the tun 
neling layer. For example, exposure time and pressure con 
ditions to form the silicon source adsorption layer 121 are 
controlled while taking into consideration the diffusion depth 
of oxygen. As a result, the thickness of the silicon source 
adsorption layer 121 can be adjusted to a desired level so that 
the silicon source adsorption layer 121 efficiently prevents 
diffusion of oxygen. The silicon source adsorption layer 121 
inhibits undesired oxidation of silicon present on the surface 
of the semiconductor substrate 110 during an oxidation reac 
tion involved in the formation of the tunneling layer. When a 
silicon oxide film is formed on the surface of the semicon 
ductor substrate 110 due to an oxidation reaction, the thick 
ness of an equivalent oxide film may unexpectedly increase. 
When hafnia (H?O) is deposited to a thickness of approxi 
mately 132 A on the Si substrate 100 by atomic layer depo 
sition (ALD) at 500°C., it can be confirmed from the analysis 
of a transmission electron microscope (TEM) that an amor 
phous silicon oxide layer with a thickness of about 23 A is 
formed on the Si substrate 100. The formation of the amor 
phous silicon oxide layer results in an increase in the thick 
ness of an equivalent oxide film and causes deterioration of 
SONOS memory device characteristics. 

In the one embodiment of the present invention, the induc 
tion of the silicon source adsorption layer 121 on the surface 
of the semiconductor substrate 110 is carried out prior to 
formation of the tunneling layer. As a result, the oxidation 
blocking function of the silicon source adsorption layer 121 
enables prevention of oxidation on the surface of the under 
lying semiconductor Substrate 110. Accordingly, an increase 
in the thickness of an equivalent oxide film can be avoided by 
preventing formation of an amorphous silicon oxide layer on 
an interface between the tunneling layer and the surface of the 
semiconductor substrate 110. 

Referring to FIG. 3, a metal-containing source (e.g., a 
hafnium Source) is introduced onto the silicon Source adsorp 
tion layer (designated by reference numeral “121 in FIG. 2) 
to induce the metal-containing source to react with the silicon 
Source of the silicon Source adsorption layer 121. As a result, 
a hafnium silicide layer 123 is formed on the surface of the 
semiconductor substrate 110. The hafnium source may be, for 
example, tetrakis(diethylamino)hafnium (TDEAH, Hf (N 
(CHS))) or hafnium nitride compounds represented by a 
chemical structure of Hf N R (wherein R is alkane, alkene 
or alkyne). Other examples of suitable hafnium sources 
include hafnium iodine (Hfl), hafnium chloride 
(HfCla), hafnium nitrate (Hf(NO)), hafnium t-butoxide 
(Hf(OCH)), and tetrakis (ethylmethylamino) hafnium 
(TEMAH; Hf N(CH)CHL). 
The deposition temperature depends on the type of the 

hafnium source. The introduction of the hafnium source is 
carried out at a deposition temperature of about 700° C. or 
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less, and preferably, about 500° C. or less to induce the 
reaction of hafnium silicide. TDEAH is preferably used as the 
hafnium source because it can be deposited at 300° C. to 600° 
C. and become volatile at about 80° C. and 1 Torr. 

Referring to FIG. 4, the hafnium silicide layer (designated 
by a reference numeral “123 in FIG. 3) is composed of a 
relatively instable amorphous film created by the reaction 
between the hafnium source and the silicon Source. An oxi 
dation source is introduced onto the hafnium silicide layer 
123 to form a hafnium silicate (HfSiO,(xs4)) layer 125. The 
oxidation Source, i.e., “an oxygen-containing gas, may 
include oxygen (O) or water (H2O). The oxidation Source 
may be introduced in a plasma state. Plasma excitation is 
carried out using a remote plasma method to prevent plasma 
from causing damage to the film. The oxygen-containing gas 
induces oxidation of the hafnium silicide layer 123 to form a 
hafnium silicate layer 125. 

The hafnium silicate layer 125 may beformed while taking 
into consideration the depth to which the oxygen-containing 
gas or oxygen is diffused. More specifically, during formation 
of the hafnium silicate layer 125 via the reaction of the oxy 
gen-containing gas with the instable amorphous hafnium sili 
cide layer 123, the hafnium silicate layer 125 may be formed 
to a thickness of about 5 nm in view of the depth to which 
oxygen is permeated or diffused. The thickness depends upon 
a critical thickness to which an oxygen element or radical in 
a gas or plasma state is diffused into an amorphous material 
and permeated thereinto. 

During the formation of the hafnium silicate layer 125, the 
introduction of the oxygen-containing gas Subsequent to the 
hafnium Source is effective in preventing undesired oxidation 
on the surface of the underlying semiconductor substrate 110. 
This is because an oxygen diffusion speed is reduced by a 
covalent bond of oxygen with silicon contained in the 
hafnium silicate. 

To more efficiently lower the oxygen diffusion speed, the 
oxygen-containing gas may further comprise nitrogen. For 
example, a nitric oxide (NO) or nitrous oxide (NO) gas is 
used as the oxygen-containing gas. Alternatively, an NO or 
NO gas is simultaneously or separately introduced in addi 
tion to the oxygen-containing gas so that nitrogen is incorpo 
rated into the hafnium silicate layer 125. 
The hafnium silicate layer 125 may be substantially com 

posed of nitrogen-containing hafnium silicate (H?SiON) or 
may be formed of a nitrogen-containing hafnium silicate 
layer. Hafnium oxide (H?O) contained in hafnium silicate 
(HfSiO) has a lattice structure that does not include an open 
lattice. However, the addition of nitrogen enables a reduction 
of network diffusion of oxygen in the lattice structure of 
hafnium silicate (HfSiO). As a result, diffusion of oxygen 
can be efficiently inhibited, and formation of undesired sili 
con oxide (SiO2) by unexpected oxidation on an interface 
between the hafnium silicate layer 125 and the surface of the 
semiconductor substrate 110 can be prevented or reduced. 
The oxygen-containing gas introduced Subsequent to the 

hafnium source is effective in reinforcing the amorphous 
transition of hafnium silicate. This is because the oxygen 
containing gas is deposited on amorphous silicon hydride 
(SiH) contained in the silicon source adsorption layer (des 
ignated by reference numeral “121 in FIG. 2) formed on the 
surface of the underlying semiconductor substrate 110. 
The band gap and dielectric constant (k) of the hafnium 

silicate layer 125 vary depending on the concentration of the 
silicon atoms contained therein. In other words, by control 
ling the concentration of silicon atoms, the dielectric constant 
of the hafnium silicate layer 125 can be adjusted to a desired 
level. When nitrogenatoms are further introduced, the energy 
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8 
band gap and the dielectric constant of the hafnium silicate 
layer 125 can be controlled in accordance with the concen 
tration of nitrogen atoms. 

Preferably, the hafnium silicate layer 125 has a dielectric 
constant of about 9 to 12 so that it can be used as a tunneling 
layer of a non-volatile memory device. To adjust the dielectric 
constant of the hafnium silicate layer 125 to the desired level, 
the hafnium silicate layer 125 is further subject to a surface 
treatment using a silicon Source (e.g., a silane gas). Prefer 
ably, the Surface treatment is carried out using a silicon Source 
excited to a plasma state. The surface treatment with the 
silicon source is carried out by a dry process at about 800° C. 
to 1,000° C. for 15 minutes. As the concentration of silicon in 
the hafnium silicate layer 125 increases, the hafnium silicate 
layer 125 secures a strong amorphous tendency, a low dielec 
tric constant, Superior thermal stability and low leakage, as 
compared to hafnium oxide (H?O) layers. 
The introduction of the silicon source and the introduction 

of the hafnium source, respectively described with reference 
to FIGS. 2 and 3, may be repeated. Another source, e.g., 
silanol sources such as tertiary-buthyldimethylsilanol 
(t-ButMeSiOH), may be used instead of the silane source. 
Thus, the concentration of silicon can be readily controlled. 

Referring to FIG. 5, a charge trapping layer is formed on 
the hafnium silicate layer 125. More specifically, nitration 
treatment is performed on the surface of the hafnium silicate 
layer 125 to more efficiently improve thermal stability and 
current leakage characteristics. For example, the nitration 
surface treatment of the hafnium silicate layer 125 is carried 
out by a plasma treatment using a nitrogen (N), ammonia 
(NH) or nitrous gas, etc., or direct exposure to hydrazine 
(NH). 

Referring to FIG. 6, a hafnium source adsorption layer 131 
is formed on the resulting hafnium silicate layer 125. For 
example, a nitrogen-containing hafnium source Such as 
TDEAH or Hf(OSiRuMe) (Et-NH) in a gaseous state is 
introduced onto the hafnium silicate layer 125 to adsorb a 
predetermined amount of the hafnium source on the Surface 
thereof. 

Referring to FIG. 7, the hafnium source adsorption layer 
131 is subject to oxidation-nitration via introduction of an 
oxidation-nitration source to form a hafnium oxide nitride 

(H?O.N.) layer 133. The introduction of the oxidation-nitra 
tion Source to induce oxidation-nitration of the hafnium 
Source adsorption layer 131 is carried out using a mixed gas of 
oxygen and nitrogen, nitrous oxide (N2O), or a mixed gas of 
ammonia (NH) and (NO). The oxidation-nitration source 
may be introduced in a plasma state. The introduction of 
plasma may be carried out by a remote plasma method. By 
controlling the introduction time and flow amount of the 
oxidation-nitration source, the thickness of the hafnium oxide 
nitride (H?O.N.) layer 133 can be adjusted to a desired level. 
When Hfl. containing no nitrogen is used as the hafnium 

Source, the deposition may be induced by direct reaction of 
Hfla with a oxide nitride gas such as a mixed gas of ammonia 
(NH) and oxygen (O), a mixed gas of nitrogen (N) and 
oxygen (O), nitric oxide (NO) or nitrous oxide (NO). 
Alternatively, the oxide nitride gas is excited to a plasma State 
to react with the adsorbed hafnium source. Furthermore, 
when (bis(tert-butylamino)silane) (BTBAS; CHNSi) is 
used as a nitrogen source, more defect sites are created in 
hafnium oxide nitride. As a result, the hafnium oxide nitride 
(H?O.N.) layer 133 has a wide threshold voltage window, as 
compared to silicon nitride layers which are applied to ONO 
Structures. 

Referring to FIG. 8, another hafnium oxide nitride 
(H?O.N.) layer (designated by reference numeral “133” in 
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FIG. 7) is deposited on the resulting structure by repeating the 
process for forming the hafnium oxide nitride (H?O.N.) 
layer, i.e., a reaction of the hafnium source adsorption layer 
(designated by reference numeral “131 in FIG. 6) with the 
oxidation-nitration source. As a result, a hafnium oxide 
nitride (H?O.N.) layer 135 serving as a charge trapping layer 
is formed on the hafnium silicate layer 125 such that it has a 
thickness increased to a desired level. 

After the formation of the hafnium oxide nitride (H?O.N.) 
layer 135, post-treatment is further performed to control the 
composition of the hafnium oxide nitride (H?O.N.) layer 135. 
For example, the hafnium oxide nitride (H?O.N.) layer 135 is 
Subject to plasma treatment at a temperature different from 
the deposition temperature. Surface-treatment is carried out 
by plasma-exciting an oxygen or OZone gas. Alternatively, a 
nitrogen or ammonia gas, a hydrazine (NH2) gas, or a mixed 
gas of oxygen and nitrogen may be used, instead of the 
OXygen or OZone gas. 
The composition ratio of oxygen and nitrogen in the 

hafnium oxide nitride (H?O.N.) layer 135 can be adjusted to 
a desired level by controlling the gas ratio of the oxygen to 
nitrogen. When hafnium oxide nitride is formed by adding 
nitrogen to hafnium oxide, a variation in bandgap can also be 
realized in accordance with the nitrogen concentration. The 
hafnium oxide nitride (H?O.N.) layer 135 is formed such that 
it has a dielectric constant of about 13 to 16. In addition, the 
plasma Surface-treatment requires low temperature condi 
tions, as compared to furnace heating. For this reason, undes 
ired crystallization of the hafnium oxide nitride (H?O.N.) 
layer 135 can be avoided while controlling the composition. 
As a result, improvement in leakage current characteristics 
and stability can be efficiently secured. 

Referring to FIG. 9, a charge blocking layer is formed on 
the charge trapping layer of the hafnium oxide nitride 
(H?O.N.) layer. The charge blocking layer prevents charges 
trapped onto the charge trapping layer from flowing into the 
gate. The charge blocking layer may be composed of a high 
dielectric material. Examples of suitable high-electric mate 
rials include Zirconium oxide (ZrO2), titanium oxide (TiO), 
tantalum oxide (Ta2O5), aluminum oxide (Al2O), cesium 
oxide (CeO), lanthanum oxide (LaO), tungsten oxide 
(WO) and yttrium oxide (YO). 

Taking into consideration the fact that the hafnium oxide 
nitride (H?O.N.) layer 135 is used as a charge trapping layer, 
the blocking layer is preferably composed of hafnium oxide. 
When the charge blocking layer includes hafnium oxide 
(H?O), a charge trapping structure is formed between a gate 
and the semiconductor substrate 110 in a transistor of a non 
Volatile memory device Such that it has a stack including a 
plurality of layers composed of one or more of the same 
elements. Since a process for depositing layers containing the 
same elements is performed, an overall deposition process for 
stacking layers can be simplified, and, in particular, a con 
secutive process can be utilized with a single piece of equip 
ment. As a result, a reduction in fabrication costs can be 
realized. 

A hafnium adsorption layer 151 is formed on the hafnium 
oxide nitride (H?O.N.) layer 135 by introducing hafnium 
source thereto. The formation of the hafnium adsorption layer 
151 is carried out by introducing a source (e.g., TDEAH or 
HfI), which can be deposited at a relatively low temperature, 
onto the hafnium oxide nitride (H?O.N.) layer 135 and induc 
ing adsorption of the source thereon. An adsorption or intro 
duction time of the hafnium source and a chamber pressure 
are controlled depending on the desired thickness of the 
hafnium adsorption layer 151. 
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10 
Referring to FIG. 10, an oxidation source is introduced 

onto the hafnium adsorption layer 151 to induce oxidation 
thereof. The oxidation of the hafnium adsorption layer 151 is 
carried out by introducing oxygen or oZone as the oxidation 
source onto the surface of the hafnium adsorption layer 151 
for a predetermined time. When the hafnium oxide layer 151 
has an insufficient thickness, a series of adsorption and oxi 
dation processes are repeated to form a hafnium oxide layer 
155 having a desired thickness. The hafnium oxide layer 155 
is Subject to plasma treatment using an oxidation source (e.g., 
oxygen or an oxygen-containing gas) to control the compo 
sition of hafnium oxide contained in the hafnium oxide layer 
155. The oxygen plasma treatment enables the composition 
of hafnium oxide to be at a level required as a material for a 
device. For example, the dielectric constant of the hafnium 
oxide layer 155 is adjusted at about 17 to 20.X and Y of Hf,O, 
have a nonstoichiometric value. More specifically, X is 
adjusted to about 0.75 to 1.5 and y is adjusted to about 1.5 to 
3.0. The oxygen plasma treatment aims to increase? decrease 
the dielectric constant of hafnium oxide utilizing the depen 
dency of the dielectric constant on the deposition temperature 
and composition, thereby securing a suitable dielectric con 
stant required to improve device characteristics. 
When chemical vapor deposition (CVD) is used to deposit 

hafnium oxide, the dielectric constant of the hafnium oxide 
layer increases from about 10.5 to 17.2 or more at a deposition 
temperature of about 300° C. or higher. When atomic layered 
deposition (ALD) is used to deposit hafnium oxide, the 
hafnium oxide layer has a dielectric constant comparable to 
the case of CVD at a lower temperature. For example, the use 
of ALD secures a deposition rate of approximately 
0.075+0.007 nm/cycle at a deposition temperature of about 
225° C. to 500° C. The use of CVD secures a deposition rate 
of approximately 0.5 to 90 nm/min at a deposition tempera 
ture of about 300° C. to 700° C. 

The plasma treatment contributes to a stable realization in 
the dielectric constant of the deposition film via a controlled 
composition. The plasma treatment is effective because it can 
be carried out at a low temperature, as compared to furnace 
thermal treatment. In other words, hafnium oxide can be 
crystallized by plasma-excited reactants at a lower tempera 
ture. When more accurate control of the composition and 
thickness of the hafnium oxide layer 155 is needed, the 
hafnium oxide layer 155 is formed to a minimum thickness 
where a continuous, undivided film can be secured, and is 
Subject to plasma treatment. Plasma treatment is introduced 
in the interval between repeated depositions including a series 
of adsorption and oxidation, thereby enabling more accurate 
control of the composition of the hafnium oxide layer 155. In 
addition, a non-uniform variation in the dielectric constant of 
the hafnium oxide layer 155 may be caused by plasma dam 
age thereto. To reduce plasma damage, the plasma treatment 
is preferably carried out using remote plasma as a plasma 
Source at a lower plasma generation power. 

Referring to FIG. 11, a gate layer 170 of a non-volatile 
memory transistor is formed on the hafnium oxide layer 155 
serving as the charge blocking layer. The gate layer 170 may 
be a conductive polysilicon layer or a metal layer composed 
of a metal, e.g., tungsten (W). 

Referring to FIG. 12, the gate layer 170, the underlying 
hafnium oxide layer 155, the hafnium oxide nitride layer 135, 
and the hafnium silicate layer 125 are patterned using photo 
lithographic and etch processes. As a result, a gate 171 and a 
charge trapping stack 160 are formed on the semiconductor 
substrate 110. A source region 141 and a drain region 143 are 
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formed on the exposed region of the semiconductor Substrate 
110 to realize a memory cell transistor structure of a non 
volatile memory device. 

Similar to the variations in an optical energy band gap and 
a dielectric constant depending on the concentration of sili 
con (Si) in hafnium silicate, when hafnium oxide nitride is 
formed by adding nitrogen to hafnium oxide, the optical 
energy band gap and dielectric constant may also be varied 
depending on the concentration of nitrogen (N). Accordingly, 
when three layers constituting the charge trapping stack 160 
have different compositions and composition ratios, an 
energy well may be created between the layers. To prevent 
Such a phenomenon, in each process for forming constituent 
layers of the charge trapping stack 160, plasma treatment 
using oxygen, nitrogen or a compound thereof is repeated on 
the charge trapping Stack 160, after the deposition to a pre 
determined thickness. As a result, by adjustment of the com 
position and composition ratio of the constituent layer to a 
desired level, the energy bandgap of the constituent layer can 
be suitably controlled. Therefore, by offsetting the difference 
in a band gap between the constituent layers of the charge 
trapping stack, memory devices can secure optimized elec 
trical properties. 
When the formation of the hafnium oxide nitride layer is 

carried out using a nitrogen-containing hafnium source (e.g., 
TDEAH), a relatively high vapor pressure can be obtained at 
a relatively low temperature, thereby effectively inducing a 
low-temperature reaction. A nitrous oxide or oxygen gas can 
be used for oxidation. When organic chemical vapor deposi 
tion (MOCVD) is used, the deposition is carried out under 
conditions of about 300° C. to 410° C. and approximately 2 
Torr. Since TDEAH is gasified at about 95°C., dry helium 
(He) may be introduced as a carrier gas at a flow rate of about 
0.03 to 0.06 ml/min. Although MOCVD is performed using 
NO or O as an oxidation source, the composition of the 
deposited hafnium oxide nitride is not greatly dependent 
upon the oxidant, NO or O. When an oxygen gas is used as 
an oxidant, hafnium oxide nitride has a concentration of 
nitrogen Substantially equivalent to when N2O is used as the 
oxidant. It may be construed that nitrogen (N) of TDEAH 
exists as impurities in a thin film, rather than when nitrogen 
(N) of NO is incorporated in the thin film by the reaction. 

Athermal energy-dependency method such as MOCVD or 
ALD makes it difficult to intentionally adjust the composition 
of the thin film to be suitable for use in low temperature 
conditions. According to one embodiment of the present 
invention, a main reactant is adsorbed on the resulting struc 
ture to a predetermined thickness, and a separate plasma 
source treatment is performed thereon under different pres 
Sure and time conditions. As a result, the composition of 
hafnium oxide nitride can be secured to a wider range. In 
other words, the content of nitrogen in hafnium oxide nitride 
or hafnium silicate can be intentionally controlled by separate 
nitride plasma treatment. Therefore, the dielectric constant of 
hafnium oxide nitride layers or hafnium silicate (or nitrogen 
containing hafnium silicate) layers can be adjusted to a 
desired level. 
As can be seen from FIG. 12, the charge trapping stack of 

the non-volatile memory device according to one embodi 
ment of the present invention includes a hafnium silicate layer 
125 acting as a tunneling layer. The hafnium silicate layer 125 
may be typically represented by a chemical formula 
“H?SiO,”. The process where the silicon source adsorption 
layer 121 is deposited prior to introduction of a hafnium 
source, as mentioned with reference to FIG. 2, can be applied 
when using another metal oxide film as a tunneling layer 
instead of the hafnium silicate layer 125. Thus, undesired 
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12 
variation in the thickness of an equivalent oxide film can be 
prevented. When a nitrogen-containing hafnium silicate (Hf 
SiON) layer is formed by adding nitrogen to the hafnium 
silicate layer 125, the undesired variation in the thickness can 
be more efficiently prevented. 

FIGS. 13 to 16 are cross-sectional views illustrating a 
non-volatile memory device and a method for fabricating the 
device according to another embodiment of the present inven 
tion. 

Referring to FIG. 13, a silicon semiconductor substrate 210 
is subject to Surface cleaning and drying. A silicon Source 
adsorption layer is formed on the silicon semiconductor Sub 
strate 210. The formation of the silicon source adsorption 
layer is carried out by introducing a silicon Source, e.g., a 
silane gas (such as SiH4 or SiH), or tertiary-buthyldimeth 
ylsilanol (t-ButMeSiOH), onto the surface of the silicon 
semiconductor Substrate and inducing chemical adsorption of 
the silicon source on the surface thereof. Since an efficient 
adsorption amount of the silicon Source varies depending on 
the exposure time of the semiconductor substrate 210 to the 
silicon Source and the pressure of a processing chamber 
equipped with the semiconductor substrate 210, the thickness 
of an oxidation blocking layer including the silicon source 
adsorption layer 121 can be controlled. In addition, the com 
position ratio of silicon with respect to the tunneling layer can 
be controlled by varying the adsorption amount of the silicon 
SOUC. 

Ahafnium (Hf) source is introduced onto the silicon source 
adsorption layer to induce the reaction of the hafnium (Hf) 
Source with the silicon Source of the silicon source adsorption 
layer. As a result, hafnium silicide is created. Tetrakis (diethy 
lamino) hafnium (TDEAH, Hf (N(CHs))) or Hfla may 
be used as the hafnium source. A tunneling layer 225 com 
posed of first hafnium silicate (H?si, O, ) is formed by intro 
ducing an oxidation Source onto a relatively instable amor 
phous hafnium silicide which is created by the reaction 
between the hafnium source and the silicon source. The oxi 
dation source, i.e., “an oxygen-containing gas, may include 
O. or HO. The oxidation source may be introduced in a 
plasma state. Other examples of the oxygen-containing gas 
may include a nitric oxide (NO) or nitrous oxide (N2O) gas. 
Alternatively, an NO or NO gas may be simultaneously or 
separately introduced in addition to the oxygen-containing 
gaS. 

The step of introducing the silicon Source and the step of 
introducing the hafnium source may be repeated. The silicon 
Source used in each step may be different. As a result, the 
concentration of silicon in the tunneling layer 225 can be 
readily controlled. 

Referring to FIG. 14, a charge trapping layer 235 com 
posed of second hafnium silicate (HfSix-Oy) is formed on 
the tunneling layer 225. The charge trapping layer 235 is 
formed in the same manner as the tunneling layer 225. More 
specifically, the formation of the charge trapping layer 235 is 
carried out by sequentially introducing a silicon source, a 
hafnium source and an oxidation Source. These introduction 
processes may be repeated to adjust the requirement and 
composition ratio of the charge trapping layer 235 to a desired 
level. By controlling the source introduction time and pres 
Sure in each process, the composition ratio of second hafnium 
silicate (HfSix Oy) is adjusted to be different from that of 
first hafnium silicate (HfSix Oy). The change in the compo 
sition ratio renders the charge trapping layer 235 composed of 
the second hafnium silicate (HfSix-Oy) to have a dielectric 
constant higher than that of the tunneling layer 225 composed 
of the first hafnium silicate (HfSix Oy). 
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The charge trapping layer 225 traps charges. The Source 
introduction conditions (e.g., time, pressure) and deposition 
conditions (e.g., temperature) of the first hafnium silicate 
(HfSix Oy) are controlled such that the first hafnium silicate 
(HfSix Oy) has a composition range of X >y. The deposi 
tion conditions of the second hafnium silicate (HfSix Oy) 
are controlled such that the second hafnium silicate 
(HfSix-Oy) has a composition ratio of X-sy. Hafnium 
oxide has a dielectric constant higher than that of hafnium 
silicate. Accordingly, hafnium silicate is preferably formed 
Such that it has a dielectric constant in accordance with a 
reduction in the concentration of silicon in a constant hafnium 
concentration. The tunneling layer 225 is formed such that it 
has a dielectric constant of approximately 9 to 12. The charge 
trapping layer 235 is formed such that it has a dielectric 
constant of approximately 13 to 16. 

For stabilization of the charge trapping layer 225, the 
charge trapping layer 225 may be further Subject to nitration 
surface treatment, before or after the deposition thereof. 

Referring to FIG. 15, a charge blocking layer 255 is formed 
on the charge trapping layer 235. The charge blocking layer 
255 prevents charges trapped onto the charge trapping layer 
235 from flowing into the gate. The charge blocking layer 255 
may be composed of a high-dielectric material. However, it is 
preferable to use hafnium oxide (H?O) rather than a high 
dielectric material. 
When the charge blocking layer includes hafnium oxide 

(HfO), a charge trapping structure is formed between a gate 
and the semiconductor substrate 210 in a transistor of a non 
Volatile memory device Such that it has a stacked structure 
including a plurality of layers composed of one or more of the 
same elements. Since a process for stacking layers containing 
the same elements is performed, an overall deposition process 
for stacking layers can be simplified, and, in particular, a 
consecutive process can be utilized in a single piece of equip 
ment. As a result, a reduction in fabrication costs can be 
realized. 
Ahafnium adsorption layer is formed on the hafnium oxide 

nitride (H?O.N.) layer 235 by introducing a hafnium source 
thereto. The hafnium adsorption layer is oxidized by intro 
duction of an oxidation source to form a hafnium oxide layer. 
When the hafnium oxide layer 255 has an insufficient thick 
ness, a series of the adsorption and oxidation processes is 
repeated to adjust the thickness of the hafnium oxide layer 
255 to a desired level and utilize the hafnium oxide layer 255 
as a blocking layer 255. The dielectric constant of the block 
ing layer 255 is adjusted to approximately 17 to 20. X and Y 
of Hf,O, have a nonstoichiometric value. More specifically, x 
is adjusted to approximately 0.75 to 1.5, and y is adjusted to 
approximately 1.5 to 3.0. An oxygen plasma treatment may 
be introduced to secure a desired dielectric constant required 
for improvement of device characteristics, via an increasef 
decrease in the dielectric constant of hafnium oxide utilizing 
the dependency of the dielectric constant on the deposition 
temperature and composition. 

Referring to FIG. 16, a layer for a gate of a non-volatile 
memory transistor is formed on the blocking layer 255. The 
gate layer 271 is patterned using photolithographic and etch 
processes. As a result, a gate 271 and a charge trapping stack 
260 are formed on the semiconductor substrate 210. A source 
region 241 and a drain region 243 are formed on the exposed 
region of the semiconductor substrate 110 to realize a 
memory cell transistor structure of a non-volatile memory 
device. 
As is apparent from the foregoing, according to the present 

invention, the non-volatile memory device and the method for 
fabricating the device preventformation of a silicon oxidation 
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layer on the surface of a silicon substrate via introduction of 
a charge trapping structure having a stack consisting of three 
high-dielectric layers. The layers are formed with different 
compositions, thereby readily realizing improved electrical 
properties. The layers are stacked in accordance with a varia 
tion in deposition temperature and composition ratio to pro 
vide the high-dielectric layers with different dielectric con 
stants. As a result, a difference in an energy band gap occurs 
between the layers. Accordingly, a charge trap is created via 
formation of an energy well structure. A tunneling layer, a 
charge trapping layer, and a blocking layer constituting a 
charge trapping stack can be formed through a consecutive 
process in a single piece of equipment. Therefore, high fab 
rication efficiency, low fabrication costs and high fabrication 
equipment efficiency can be realized. 

In addition, the method of the present invention covers a 
wide control range of the composition ratio of the film via 
introduction of plasma treatment after deposition of the high 
dielectric layer. The plasma treatment realizes composition 
control and stabilization at a low temperature, as compared to 
high-temperature thermal processing, thereby securing a high 
process margin. In other words, after adsorption of a main 
reactant, the composition of the film can be controlled via 
variation in plasma source and Substrate temperature. In addi 
tion, the high-dielectric layers can be crystallized at a 
decreased temperature owing to activated plasma, thereby 
preventing crack defects caused by the difference in thermal 
expansion coefficients on an interface between the stacked 
layers resulting from rapid crystallization involved in Subse 
quent high-temperature thermal processing. As a result, fac 
tors causing leakage current can be removed. 

In addition, formation of an undesired oxidation layer on a 
semiconductor Substrate can be avoided via introduction of an 
amorphous hafnium silicate layer into a charge trapping 
structure. Carriers created from a gate of a memory transistor 
device are present in a tunneling layer having a thickness of 
several nanometers (nm). Accordingly, it is preferable that the 
tunneling layer exhibits Superior electrical properties via 
minimization of defects and roughness on an interface 
thereof. According to embodiments of the present invention, 
for realization of a high-quality interface, an amorphous 
hafnium silicate layer is used to prevent interface defects. By 
the addition of nitrogen to the amorphous hafnium silicate 
layer using a separate plasma treatment, the dielectric con 
stant of the layer can be controlled in accordance with a 
variation in composition without forming a novel phase. 
A low oxygen partial pressure and a deposition tempera 

ture can be utilized in the formation of compounds using a 
plasma treatment, thereby enabling improvement in dielectric 
breakdown characteristics. Furthermore, amorphous 
hafnium silicate eliminates dielectric polarization in accor 
dance with a specific direction of grains, thereby avoiding 
carrier scattering which results from the dielectric polariza 
tion. As a result, operation characteristics of a non-volatile 
memory device can be more stably realized. 

Although the preferred embodiments of the present inven 
tion have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and Substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 
What is claimed is: 
1. A method for fabricating a non-volatile memory device, 

the method comprising: 
adsorbing a silicon source on a Surface of a semiconductor 

Substrate; 
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Supplying a hafnium source onto a layer of the absorbed 
silicon Source to form an amorphous hafnium silicide 
(HfSi.) layer; 

Supplying an oxidation Source on the hafnium silicide layer 
to oxidize the hafnium silicide layer to form a hafnium 
silicate (H?si, O...) of a tunneling layer; 

forming a charge trapping layer over the tunneling layer, 
forming a blocking layer over the charge trapping layer; 

and 
forming a gate electrode over the blocking layer. 
2. The method according to claim 1, wherein the silicon 

Source includes a silane gas or a silanol gas. 
3. The method according to claim 1, wherein the oxidation 

Source is Supplied as a plasma which is excited from an 
oxygen-containing gas selected from the group consisting of 
oxygen (O) and water vapor (H2O). 

4. The method according to claim 1, wherein the charge 
trapping layer comprises a hafnium oxide nitride (H?O.N.) 
layer or a hafnium silicate layer (H?SiO, ), each having a 
dielectric constant higher than that of the tunneling layer. 

5. The method according to claim 1, wherein the tunneling 
layer is formed over the semiconductor substrate such that the 
tunneling layer is composed of a first hafnium silicate 
(HfSix Oy) layer, and the charge trapping layer is formed 
over the tunneling layer Such that the charge trapping layer is 
composed of a second hafnium silicate (HfSix-Oy) layer, 

wherein the dielectric constant of the second hafnium sili 
cate (HfSix Oy) layer is higher than that of the first 
hafnium silicate (HfSix Oy) layer. 

6. The method according to claim 4, wherein the hafnium 
oxide nitride (H?O.N.) layer is formed by adsorbing a 
hafnium source onto the tunneling layer and supplying an 
oxidation-nitration Source on a layer of the adsorbed hafnium 
SOUC. 

7. The method according to claim 4, wherein the formation 
of the hafnium oxide nitride (H?O.N.) layer is carried out by 
inducing adsorption of hafnium oxide nitride on the tunneling 
layer via introduction of a hafnium source and an oxidation 
nitration source. 

8. The method according to claim 4, whereinforming the 
blocking layer comprises: 

adsorbing a hafnium source on the hafnium oxide nitride 
layer; and 

Subjecting the adsorbed hafnium source to oxidation via 
introduction of an oxidation Source to form a hafnium 
oxide layer, 

wherein the blocking layer comprises one of the group 
consisting of of zirconium oxide (ZrO2), titanium oxide 
(TiO), tantalum oxide (TaOs), aluminum oxide 
(Al2O), cesium oxide (CeO), lanthanum oxide 
(La-Os), tungsten oxide (WO) and yttrium oxide 
(YO). 

9. The method according to claim 6, further comprising: 
Subjecting the tunneling layer to a nitration Surface treat 
ment via introduction of a nitrogen plasma Source on a 
Surface of the tunneling layer, prior to adsorption of the 
hafnium source. 

10. The method according to claim 6, wherein the oxida 
tion-nitration source includes a mixed gas of oxygen and 
nitrogen, nitrous oxide (N2O), or a mixed gas of ammonia 
(NH) and nitrous oxide (NO). 

11. The method according to claim 6, wherein the oxida 
tion-nitration Source is introduced in a plasma-excited State. 

12. The method according to claim 6, wherein the adsorp 
tion of the hafnium source and the introduction of the oxida 
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tion-nitration source are repeated to increase the thickness of 
the hafnium oxide nitride (H?O.N.) layer to a target level. 

13. The method according to claim 6, wherein the hafnium 
oxide nitride (H?O.N.) layer is subject to a subsequent 
plasma treatment by introducing a gas selected from the 
group consisting of oxygen (O2), OZone (Os), nitrogen (N2). 
ammonia (NH), hydrazine (NH) and a combination 
thereof, in a plasma State. 

14. The method according to claim 8, further comprising 
repeating the adsorption of the hafnium source and the intro 
duction of the oxidation Source. 

15. The method according to claim 14, wherein after 
repeating the adsorption of the hafnium source and the intro 
duction of the oxidation source, the hafnium oxide layer is 
Subject to an oxygen plasma Surface treatment to control the 
composition ratio of the hafnium oxide layer. 

16. The method according to claim 5, wherein the hafnium 
silicate layer is formed by adsorbing a silicon source on a 
Surface of the silicon Substrate, introducing a hafnium source 
onto the adsorbed silicon source to form a hafnium silicide 
layer, and Subjecting the hafnium silicide layer to oxidation 
via introduction of an oxidation source in a plasma state, 

wherein an introduction time of the silicon and oxidation 
Sources, and a chamber pressure are controlled Such that 
the first hafnium silicate (HfSix Oy) has a composition 
range of X >Y, and the second hafnium silicate 
(HfSix-Oy) has a composition range of X-Y. 

17. A method for fabricating a non-volatile memory 
device, the method comprising: 

adsorbing a silicon source on a Surface of the semiconduc 
tor substrate; 

Supplying a hafnium source onto a layer of the adsorbed 
silicon Source to form an amorphous hafnium silicide 
(HfSi.) layer; 

Supplying an oxidation-nitration Source containing oxygen 
and nitrogen or containing oxygen and nitrogen in a 
plasma onto to the hafnium silicide (HfSi.) layer to 
oxidize and nitrate the hafnium silicide (HfSi.) layer to 
form a metal nitrogen-containing hafnium silicate (Hf 
SiON) of a tunneling layer; 

forming a charge trapping layer over the tunneling layer, 
forming a blocking layer over the charge trapping layer; 

and 
forming a gate electrode over the blocking layer. 
18. The method according to claim 17, wherein the oxida 

tion-nitration source includes one selected from the group 
consisting of a nitric oxide (NO) gas and nitrous oxide (NO) 
gaS. 

19. A method for fabricating a non-volatile memory 
device, the method comprising: 

forming a tunneling layer comprising a metal silicate layer 
over a semiconductor Substrate; 

forming a charge trapping layer comprising a hafnium 
oxide nitride (HFO.N.) layer or a hafnium silicate (Hf 
SiO, ) layer, each having a dielectric constant higher 
than that of the metal silicate layer, over the tunneling 
layer; 

adsorbing a hafnium source on the charge tunneling layer; 
Subjecting the absorbed hafnium Source to oxidation via 

introduction of an oxidation source to form a hafnium 
oxide layer as a blocking layer, and 

forming a gate electrode over the blocking layer. 
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